We give a review about the Minimal Supersymmetric Standard Model with three right-handed neutrinos (MSSM3RHN). We, first introduce the minimal set of fields to built this model in their superfields formalism. After it, we build the lagrangian of the model in the superspace formalism and also introduce the soft terms to break SUSY. We show how to get masses to the neutrinos and sneutrinos in this model.
Introduction
Although the Standard Model (SM) describes the observed properties of charged leptons and quarks it is not the ultimate theory. However, the necessity to go beyond it, from the experimental point of view, comes at the moment only from neutrino data [1] .
The experimental results that suggest that the neutrinos have non-zero masses and oscillations. The best-fit values at 1σ error level for these neutrino oscillation parameters in the three-flavor framework are summarised as follows [2] sin 2 θ 12 = sin 2 θ solar = 0.304 +0.022 −0.016 , ∆m 2 21 = ∆m 2 solar = 7.65 +0.23 −0.20 × 10 −5 eV 2 , sin 2 θ 23 = sin 2 θ atm = 0.50 +0.07 −0.06 , |∆m 2 23 | = ∆|m 2 atm | = 2.40 +0.12 −0.11 × 10 −3 eV 2 , sin 2 θ 13 = sin 2 θ CHOOZ = 0.01 +0.016 −0.011 .
To explain the data presented above, we need three massive neutrinos. In order to see how to fit these data with three massive neutrinos see [2, 3] . However, if we take seriously, the data coming from Los Alamos Liquid Scintillation Detector experiment (LSND) [4] imply we need to introduce at least one right-handed neutrinos 1 . If we take into account cosmological constriant into account we get the following upper limit m ν < 1.01 eV if we have three neutrinos and it change to m ν < 2.12 eV in the case of five neutrinos as presented at [6, 7] The aim of the present paper is to propose a modification Minimal Supersymmetric Standard Model to give masses in a simple way to neutrinos and get nice Dark Matter candidate (right-handed sneutrinos) and also get flat directions in scalar potential that can generate the cosmological inflation. Also, the matter anti-matter asymmetry could be obtained from the letogenesis mechanism.
I started this studies to make the articles presented at [8, 9] , my first goal was to include it on my previous review about some generalization about the MSSM with singlets [10] , but this model is so interesting due it I have done this review. This paper is organized as follows. In Section 2 we present the minimal supersymmetric model with three right-handed neutrinos. We calculate the masses to neutrinos and sneutrinos (with one right-handed neutrinos). Next, we show some flat directions in this model.
The Minimal Supersymmetric Model with three right-handed neutrinos (MSSM3RHN)
On the Minimal Supersymmetric Model with three right-handed neutrinos (MSSM3RHN) [11, 12, 13, 14, 15] , the particle content is very similar to the Minimal Supersymmetric Standard Model (MSSM) [11, 16] , it contains three families of left-handed quarks Q iL , i = 1, 2, 3 is familly indices, three families of leptons L iL plus the Higgs fields H 1 . We have also to introduce three families of right-handed quarks, given by (u iR , d iR ) 2 , three families of right-handed charged leptons (l iR ) and another Higgs fields H 2 as shown at
Superfield
Usual Particle Spin Superpartner Spin Table 1 : Particle content of MSSM3RHN. The families index for leptons and quarks are i, j = 1, 2, 3. The parentheses are the transformation properties under the respective representation of (SU(3) C , SU(2) L , U(1) Y ).
Tab. (1) . The vaccum expectation values (vev) of our Higgses fields are given by:
The superpotential of the MSSM is define in the following way
where
we have suppressed the SU(2) indices and the supersymmetric parameter µ H is a complex number and has mass dimension. In general all the parameters f are, in principle, complex numbers and they are symmetric in ij exchange and they are dimensionless parameters [11, 16] . Moreover, f d and f u can give account for the mixing between the quark current eigenstates as described by the CKM matrix. In this model, we can also explain the mass hierarchy in the charged fermion masses as showed recently in [17, 18] . We we consider only the gauge synmmetry in the MSSM it will allow terms wich allow to break the baryon number and the lepton number conservation laws and in the SM all the interactions conserve both laws and no physical process with this property has been discovered so far. This phenomenological fact suggest imposing a discrete symmetry in the model. This symmetry is the R-parity [11, 16] . The terms that break the R-parity are given by
When we consider R Parity scenarios, this model has viable candidates to be the Dark Matter. One of most studied candidate is the lightest neutralino. However, some years ago, there were some intersting studies with the lighest sneutrino 3 . There are some authors study the gravitino as Dark Matter candidate, more details about SUSY Dark Matter Candidates is presented in nice way in [20] .
The mass matrix of neutrinos arise when we allow a mixing between the usual leptons with the higgsinos and its mixings is generated by The main motivation on this model is we want to generate, masses to all neutrinos. Therefore, we add also three additional gauge-field left-chiral scalar superfieldsN 1,2,3 , see Tab.
the fields ν c iL are the right-handed neutrinos, known as sterile neutrinos [5] . As a consequence of supersymmetric algebra beyond the three right-handed neutrinos ν c iL ≡ ν iR , or sterile neutrinos, we should also introduce three righthanded sneutrniosν c iL , and we will call them as sterile sneutrinos and they are good dark matter candidate [12] . The new coordinate y is defined as [27] 
The particle content of each this model is presented in the Tab. (1) .
The Lagrangian of this model is written as
where L SU SY is the supersymmetric piece and can be divided as follows
where each term is given by
Therefore, our right handed neutrinos have any intercations with the usual gauge bosons then we will refere them as "fully sterile" [5] . We use the notationV = T iV i where T i ≡ σ i /2 (with i = 1, 2, 3) are the generators of SU(2) L andV c ≡ T aV a c and T a = λ a /2 (with a = 1, · · · , 8) are the generators of SU(3) C . As usual, g s , g and g ′ are the gauge couplings for the SU(3), SU(2) and U(1) groups, and W is the superpotential of this model and we will present it below. The field strength are given by [27] 
The masses of charged gauge boson are the same as given at MSSM and it is given by
the new free parameter β is defined in the following way
where v 2 is the vev of H 2 while v 1 is the vev of the H 1 . Due the fact that v 1 and v 2 are both positive, it imples that
Using the free parameter β, we can get the following relation to the vev o the Higgses defined at Eq.
In this case, the most general superpotential W of this model is given by
where W H , W Y are defined at Eq.(4), while W 2RV , W 3RV from Eq.(5) and we have defined
We can conclude the masses of charged fermions are the same as in the MSSM, and we can write [11, 16] 
The fact that m u , m d , m s and m e are many orders of magnitude smaller than the masses of others fermions may well be indicative of a radiative mechanism at work for these masses as considered at [21, 28] . We can explain the mass hierarchy in the charged fermion masses as showed in [17, 18] .
We defined at Tab.(2) the R-charges of the superfields in the MSSM3RHN. In this model the right-handed sneutrinos are viable candidate to Dark Matter was showed at [12, 29] Using the R-charges defined at Tab.(2), will forbid the Majorana Mass term as well the Ξ i , λ i , κ ijk , µ i , λ ijk , λ ′ ijk , λ ′′ ijk couplings in the superpotential defined at Eq. (17) . In this case our superpotential become 
Superfield It is a nice result because now neutrinos are Dirac fermions [12] and it was shown recently that the right-handed sneutrinos can be non-thermal in the presence of a Majorana mass term, as showed at [30] . From Eqs. (20, 21) , we can write the simple relation between Yukawa coupling to neutrinos and their physical masses
where v ∼ O(10 11 )eV is the vev of the electroweak breaking scale and if we impose m ν ∼ O(10 −2 − 10 −1 )
it imposes that the Yukawa coupling of neutrinos should be
and in this case the non-thermal sterile sneutrino can be a good dark matter candidate see [12, 31, 32] . The experimental evidence suggests that the supersymmetry is not an exact symmetry. Therefore, supersymmetry breaking terms should be added to the Lagrangian defined by the Eq.(9). The most general soft supersymmetry breaking terms, which do not induce quadratic divergence, where described by Girardello and Grisaru [33] . They found that the allowed terms can be categorized as follows: a scalar field A with mass terms
a fermion field gaugino λ with mass terms
and finally trilinear scalar interaction terms
The terms in this case are similar with the terms allowed in the superpotential of the model we are going to consider next. As we are not doing any phenomenology with the strong sector, we are ommiting the squarks contribution because they are the same as in the MSSM. The general soft SUSY breaking terms are given as
we do not write the masses to squarks. We can suppose there is just one soft SUSY breaking slepton mass for each generation of left-slepton, it means
the terms similar to our superpotential, defined at Eq. (20) , is written as
again we do not write the terms to squarks. The term L GM T is the same as given at MSSM due it we do not presented it here and there expansion can be found at [11, 16] . The only interaction to the right-handed sneutrinos are givn by is given by (L iL H 2 )ν jR and the last term at Eq.(30) and due this fact we can call the right-handed neutrinos as sterile snautrinos, see comment after Eq. (11) , as done at [32] .
We will here consider the masses to neutrinos and sneutrinos. The masses to charged leptons and charged sleptons are the same as in the MSSM, and can be found at [10, 11, 16] , due it we do not discuss them in this review.
Masses to Neutrinos
In general case, we have three left-handed neutrinos and three right-handed neutrinos and taken into account our superpotential, see Eq. (20) , the most general terms to neutrinos are given by:
The parameters f ν ij are symmetric in i, j exchange and we have choosen a basis for the right-handed neutrinos superfields so that the superpotential terms are diagonal, and M ∼ M P lanck or comparable to the SO(10) breaking scale as presented at [11] . After the electroweak symmetry is broken we get 6 × 6 mass matrix to diagonalize. This matrix can be write as
We get the usual see saw mechanism (type I) [34] if M Dirac ν ≪ M, the mass spectrum is one heavy Majorana neutrino, with mass M. We get three light Dirac neutrinos with their masses given by
and the neutrinos are Majorana particles as happen in MSSM.
One interesting case, happen when we consider three left-handed neutrinos and only one right-handed neutrinos. Under this consideration we get the mass matrix from Eq.(31)
in the base (ν 1L , ν 2L , ν 3L , ν R ) T we get the mass matrix presented at Eq.(32), and in this case we can write [35, 36] 
we can draw at this case a diagramatic representation similar to ones shown at Fig.(1) . We make the additional hipotesis, all the Yukawa coupling f ν i are real. From Eq.(36) it is simple to show the following results det M Dirac ν = 0,
The characteristic equation obtained from Eq.(36) is
it means we have one more zero eigenvalue. Therefore, we can conclude, Eq.(36) has two zero eigenvalues and one non-zero eigenvalue, as presented at [35, 36] . The mass eigenstate is defined in the following way [35, 36] ν
and their masses is
It is the seesaw mechanism (type I) [34] to give mass to neutrinos, alternatives to the seesaw mechanism was presented at [25] . Figure 3 : One-loop diagram generating a Majorana neutrino mass adapted from [36, 37] .
The others two neutrinos in this model get their masses from 1-loop level. Having generated a sneutrino Majorana mass, see Sec.(4.1), it is straightforward to see that such a mass will lead to one-loop radiative corrections to neutrino masses via the self-energy diagram drawn in Fig.(3) [37] .
We can with this mechanism explain neutrinos data as shown at [35, 36] .
Masses of Sneutrinos
The masses and mixing of sparticles are of crucial importance both experimentally and theoretically [10, 11, 16] . All the terms that give contribution to sneutrino mass matrix came from Eq. (30) , it means that the mixing in this sector is unrelated with the mixing we get at neutrino sector. In general on this sector we get one 6 × 6 mass matrix (we get Super-CKM and Super-PMNS matrix [16, 38] ), but when we ingone the mixing into families this matrix can be devided into three blocks of 2 × 2 for each family, we will use this fact here, as discussed at [11, 16] .
The mass term to sneutrinos is given by
We have defined
where M Z , as usual, is the Z boson mass. The first line above is similar as done in the MSSM when we calculate the sneutrinos masses [10, 11, 16] . More general case, with Majorana mass term to neutrinos is dicussed at [37] .We must to emphasize that the paraqmeters M 2 L , M 2 N and A ν are defined at electroweak scale because they break softly the SUSY.
In order to get the sneutrinos mass eigenstates, we have, first, to diagonalize the following mass matrix
it is simple to show the following results
The characteristic equation obtained from Eq. (36) is
(45) it means we have two massives eigenstates.
The eigenvalues of M 2 sneutrinos are given by
where we have defined the following parameters
The eigenvectors are given by [12] ν e+ ν e− = cos θν sin θν − sin θν cos θν
where we define the mixing angle as
in this model theν e− is LSP [12] .
Flat direction of MSSM3RHN Model
We can calculate all flat directions in the MSSM using the prescription given in [39] . The flat directionsN andLĤ 2 will generate a left-right asymmetry in the sneutrino sector [12, 29] . The flat directions shown in Tab.(3) was getting using the most general superpotential of this model presented at Eq. (17) . 
Conclusions
In this article we have presented the MSSM3RHN lagrangian in terms of superfields. Then we presented the mass spectrum of neutrinos and sneutrinos with three right handed neutrinos and with only one right-handed neutrino and we can get neutrinos are Majorana particles or Dirac particles. At the end we presented some flat directions of these model. We hope this review can be useful to all the people wants to learn about Supersymmetry.
B Lepton Lagrangian
The lagrangian defined at Eq.(11), has the following components
The first two terms in Eq.(49) are the usual F terms given by:
while for the D terms
where σ a (with a = 1, 2, 3) are the generators of SU(2) L . The others terms in the lagrangian are given by
where the covariant derivatives are defined as
The last term is
Our superpotential W is defined at Eq. (20) . We can write it in field components as
Where the F terms are
while the others parts
Here we have omit the expansion to quarks.
